BACKGROUND: Overweight and obesity increase the risk of elevated blood pressure, but the knowledge of the effect of weight change on blood pressure is sparse. OBJECTIVE: To investigate the association between change in body mass index (BMI) and change in diastolic blood pressure (DBP), systolic blood pressure (SBP), and hypertension status. DESIGN: Two population-based cross-sectional studies, one in 1984-86 and the other in 1995-97. SETTING: The Nord-Trøndelag Health Study (HUNT). PARTICIPANTS: We included 15 971 women and 13 846 men who were 20 y or older at the first survey, without blood pressure medication at both surveys and without diabetes, cardiovascular disease or dysfunction in daily life at baseline. MEASUREMENTS: Weight, height and blood pressure were measured standardised. Change in BMI was categorised as stable (initial BMI70.1 kg/m 2 each follow-up year), increased or decreased, and BMI was categorised by using World Health Organisation's categorisation (underweight BMI: o18.5 kg/m 2 , normal weight BMI: 18.5-24.9 kg/m 2 , overweight BMI: 25.0-29.9 kg/m 2 , obesity BMIZ30 kg/m 2 ). RESULTS: An increase in BMI and a decrease in BMI were significantly associated with increased and decreased SBP and DBP, respectively, compared to a stable BMI in both genders and all age groups, although the strongest effect was found among those who were 50 y and older. The adjusted odds ratio for having hypertension at HUNT 2 was 1.8 (95% confidence interval (CI): 1.5, 2.2) among women and 1.6 (95% CI: 1.4,1.8) among men aged 20-49 y who increased their BMI compared to those who had stable BMI. A similar, but weaker association was found among women and men aged 50 y or more. The mean change in both SBP and DBP was higher for those who changed BMI category from first to the second survey than for those who were in the same BMI class at both surveys. CONCLUSIONS: Our result supports an independent effect of change in BMI on change in SBP and DBP in both women and men, and that people who increase their BMI are at increased risk for hypertension. The exact mechanism whereby change in body weight causes elevated blood pressure is still unknown. Hypertension and the risk of having cardiovascular disease are strongly linked 5, 6 and to investigate the effect on blood pressure when the body weight changes is important in a public health perspective. In Nord-Trøndelag County, Norway, two large health surveys were conducted in 1984-86 (HUNT 1) and 1995-97 (HUNT 2), respectively, with information on weight, height and blood pressure. This gave us the opportunity to prospectively examine the association between change in body mass index (BMI) and its impact on blood pressure during a 11-y follow-up in a large population of both men and women aged 20 y or more.
Introduction
The prevalence of overweight and obesity is increasing worldwide, 1 and overweight and obesity are associated with elevated blood pressure. 2, 3 Further, studies have shown a progressive increase in blood pressure with ageing in developed countries. This effect begins in childhood and continues into adulthood 4 and may be caused by weight gaining by age. 3 The exact mechanism whereby change in body weight causes elevated blood pressure is still unknown. Hypertension and the risk of having cardiovascular disease are strongly linked 5, 6 and to investigate the effect on blood pressure when the body weight changes is important in a public health perspective. In Nord-Trøndelag County, Norway, two large health surveys were conducted in 1984-86 (HUNT 1) and 1995-97 (HUNT 2), respectively, with information on weight, height and blood pressure. This gave us the opportunity to prospectively examine the association between change in body mass index (BMI) and its impact on blood pressure during a 11-y follow-up in a large population of both men and women aged 20 y or more.
Methods

Study population
In the first health survey ( HUNT 1, 1984-86) , all citizens residing in the county aged 20 y and older (n ¼ 85 100) were invited and 74 994 participated (88. 1%). 7 In the second health survey (HUNT 2, 1995-97) 66 140 adults aged 20 y or older participated (71.2%). 8 All together, 21 685 men and 24 837 woman participated in both surveys. Information was collected from self-reported questionnaires and a standardised clinical examination. In total, 15 971 women and 13 862 men without self-reported diabetes, cardiovascular disease (angina pectoris, stroke and myocardial infarction) and dysfunction in daily life in the first survey were included. In addition, the participants reported no use of blood pressure medication at the first or at the second survey. Each participant's record was linked to the 11-digit personal identification number, which is unique to every citizen in Norway, enabling a linkage of data from the first and the second surveys for each individual.
Standardised measurements (height, weight and blood pressure)
In both surveys, height was measured without shoes to the nearest centimetre, and weight was measured wearing light clothes without shoes to the nearest half kilogram. Similar methods were applied in both surveys and are described elsewhere. 8, 9 BMI was calculated as body weight in kilogram divided by the squared value of body height in meter (kg/ m 2 ). Change in BMI between the surveys was categorised into stable, increased and decreased with stable defined as BMI at first survey 70.1 kg/m 2 each follow-up year according to Nilsson et al. 10 At both surveys, blood pressure was measured by specially trained nurses or technicians with the participant sitting with the arm resting on a table at heart level. SBP and DBP were read off to the nearest 2 mmHg. At the first survey, the blood pressure was measured twice on a sphygmomanometer after the participants had been seated for at least 4 min with the cuff placed on the right upper arm, and we used the second measurement in our analysis. At the second survey, blood pressure was measured using a Dinamap 845XT (Criticon, Tampa, FL, USA) based on oscillometry. The Dinamap was started when the participant had been seated for 2 min with the cuff on the arm. The blood pressure was measured three times, and the mean of the second and third measurements has been used in our analyses. At the first survey the cuff size was equal for all participants (15 cm Â 55 cm), but at the second survey the cuff size was based on the arm circumference (arm r24 cm: cuff 12 cm Â 37 cm, arm 25-35 cm: cuff 15 cm Â 50 cm, arm Z36 cm: cuff 17 cm Â 60 cm). Hypertension was defined as having both a systolic blood pressure Z140 mm Hg and a diastolic blood pressure (DBP) Z90 mmHg. We calculated change in SBP and DBP between the surveys by subtracting SBP and DBP at the first survey from SBP and DBP at the second survey for each individual.
Statistical analysis
The association between change in blood pressure and change in BMI was investigated using multivariable linear regression with change in SBP and change in DBP as the dependent variable. Additionally, the association between BMI categorisation at the first and second surveys and change in SBP and DBP was investigated by linear regression analysis. Multivariable logistic regression was used to investigate the association between change in BMI and hypertension (BPZ140/90) at the second survey. All analyses included age in 1-y categories, and confounding by other factors was evaluated by the magnitude of change from the age-adjusted results. These potentially confounding variables included baseline BMI (continuous), pulse (quartiles), smoking status (daily smoker, not daily smoker), education (r9 y at school, 10-12 y at school, 412 y at school), leisure time physical active (yes/no), alcohol consumption (abstainer, not drinking last 14 days, drinking last 14 days) and marital status (unmarried, married, separated/divorced and widowed). The analyses were carried out separately by gender and stratified by age (50 y as cut-point). All analyses were performed using SPSS, version 11.0 (SPSS, Chicago, Ill, USA).
Ethics
The participation was completely voluntary and each participant signed a written consent. Both studies were recommended by the Norwegian Data Inspectorate. The second study was approved by the Regional Ethical Committee for Medical Research. (At the first survey the Regional Ethical Committee was not yet established.)
Results
Men and women who decreased BMI between the surveys had the highest age-adjusted mean BMI, SBP and DBP at baseline compared to those who were stable in BMI or increased BMI, but at the second survey the situation was reversed (Table 1 ). In both genders the age-adjusted mean BMI was within the overweight category (BMI: 25.0-29.9 kg/ m 2 ) in both surveys. Women and men who increased BMI had a significantly higher increase in SBP compared to those with a stable BMI ( Table 2) . Participants with reduced BMI between the surveys had a significant lower increase in SBP compared to those who were stable. The greatest effect on change in SBP was observed among those who lost BMI and were 50 y or older both among women (À5.0 (95% CI: À7.0, À3.0) mmHg) and men (À6.6 (95% CI: À8.6, À4.4) mmHg) with stable BMI used as reference. Women and men who reduced BMI had a lower change in DBP compared to participants who were stable in BMI, but for women aged 20-49 y the association was marginally significant. In both genders and both age groups, an increase in BMI was associated with significantly higher DBP compared to those who had stable BMI. The greatest effects of weight change on DBP were observed among men aged 50 y or more.
The odds ratio (OR) of having hypertension at the second survey adjusted for age at the first survey was significantly Change in BMI and its impact on BP WB Drøyvold et al higher in participants who increased their BMI compared to those with a stable BMI (Table 3) . These results were not changed after adjustment for BMI at baseline, and further adjustment for hypertension status at the first survey did not change the estimates. The OR for hypertension at the second survey was lower in men who decreased their BMI compared to those with a stable BMI, both in the age group 20-49 y (multivariable adjusted OR ¼ 0.7 (95% CI: 0.5, 1.0)) and in the age group 50 y or older (multivariable adjusted OR ¼ 0.6 (95% CI: 0.5, 0.8)). In women who decreased their BMI between the surveys, we found nonsignificantly reduced OR for hypertension among the oldest (0.8 (95% CI: 0.6, 1.0)), and no effect among the youngest (1.0 (95% CI: 0.7, 1.5)) after adjustment for baseline BMI and blood pressure level.
In additional analysis, we found that people who advanced from one BMI category to a higher level category between the surveys had a greater change in both SBP and DBP than those who were classified within the same category at both surveys (Table 4 ). Compared to men who were classified as normal weight at both surveys, men who changed from normal weight to obese had a 4.9 mmHg (95% CI: 1.2, 8.6) higher increase in SBP. Women who changed BMI classification from normal weight to obese had a 7.6 mmHg (95% CI: 5.7, 9.5) higher increase in SBP than Change in BMI and its impact on BP WB Drøyvold et al those who were normal weight at both surveys. We also found that people who reduced their BMI between the surveys had a significantly lower blood pressure than those who were normal weight at both surveys.
Discussion
In this 11-y prospective population study, we found a strong association between change in BMI and change in SBP and DBP both among women and men, but the effect was strongest among the oldest. Further we found that the risk for hypertension at the second survey was linked to change in BMI, but with the strongest effect in the youngest. Additinally, to change BMI category (WHO's categorisation) from the first to the second survey had a strong effect on SBP and DBP, which was independent of initial and attained BMI category. The exact underlying pathophysiological mechanisms between change in BMI and blood pressure are still not clear. What is known is that weight gain stimulates sympathetic activation, and also that probably insulin and leptin are involved. 11 Also, activation of the renin-angiotensin system as well as physical compression of the kidney may be important factors in linking body weight and elevated blood pressure. 12 Our data confirmed results from previous studies reporting a positive association between change in BMI and change in blood pressure. 13, 14 Additionally, the relation between change in BMI and blood pressure stratified for initial and attained BMI has been previously studied in men by other investigators, 15 and our results supported these results, even if different limits for categorisation of BMI was used.
In a large study, Huang et al 16 included 82 473 US nurses and investigated the association between change in body weight and incident cases of hypertension based on selfreport and recall of body weight, and found that weight gain substantially increased the risk for hypertension. In contrast to our results, a reduced risk of hypertension associated with body weight reduction was found amomg women. Additionally, the association between change in body weight and blood pressure has also been investigated in randomised intervention studies. In The Hypertension Optimal Treatment Study, a randomised intervention study among overweight individuals, it was reported that weight loss, even after only 3 months follow-up, was associated with improved blood pressure. 17 One strength of the present study was the large number of both women and men participating in two health surveys, permitting a prospective design with a mean follow-up period of 11 y. Another strength was the standardised and similar methods for measuring body weight and body height at both surveys, because others have found a significant discrepancy between self-reported and objective values for weight and height. 18, 19 However, as described in the methods part in this article, blood pressure was measured standardised, but not similar, at both surveys. Different methods, cuff size and cuff time may have introduced some bias to our results. 20 However, this bias is likely to be nondifferential, and may thus have underestimated our results. Another bias to our results could have been that our study population consisted of those who had survived until the second survey and accepted to participate twice. In addition, medication was an exclusion criterion, with the strongest effect in the oldest age groups. 21 Owing to the prospective design, it is unlikely that these aspects have influenced considerably on the results. We had the opportunity to adjust for the potentially confounding effect of different variables, but only baseline blood pressure and BMI had impact on the results. In contrast to the findings among men, women who decreased in BMI did not reduce the risk of hypertension compared Change in BMI and its impact on BP WB Drøyvold et al with women with a stable BMI. One possible explanation is the gender differences in fat distribution and adipose tissue metabolism. 22, 23 Additionally, the gender differences in body proportion is also a plausible explanation for why hypertension estimates were considerably changed by adjustment for initial BMI, especially for women aged 20-49 y. Unintentional weight loss can be considered a marker for underlying disease. In our study participants who decreased their BMI and improved their blood pressure, we were not able to distinguish subjects who intended to lose weight from those who not intended.
Previous studies have shown that waist circumference displays a stronger association with cardiovascular outcomes and risk factors than does BMI. 24 However, waist circumference was not measured in the first survey, and hence we were not able to evaluate this association.
Residual confounding due to other unmeasured factors cannot be ruled out.
Elevated blood pressure is a risk factor for morbidity and mortality, and ORs of 1.9 and 3.7 for coronary heart disease related to elevated blood pressure have been found in nondiabetic and diabetics men, respectively. 25 Additionally, previous studies have found a reduced incidence of stroke (42%) and MI (14%) by lowering DBP with 5 mmHg. 26 In a study by Levy et al, 27 hypertension was found to carry the greatest attributable risk at population level for developing congestive heart failure (39% in men and 59% in women). This illustrates the potential for prevention of morbidity by stabilising BMI, but also the consequence of not intervening against the obesity epidemic.
In conclusion, our results support a causal association between change in blood pressure and change in BMI in both genders independent of initial and attained BMI. By this, stabilisation or reduction of BMI may serve to prevent or reduce future increase in blood pressure and to reduce the prevalence of hypertension. Change in BMI and its impact on BP WB Drøyvold et al
